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Afla^ S ^^^l ^-§~§: ^fltt *r 2*3^ *>7l t)-^o] tifloj^. 

^1-*S<>1 ^Hr^ ^a]^ "3-^^-8- 
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^3.^-, 45f A -l, 
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^liufl^-g- W ^#^r-§-7]{HYBRID BI0REACT0R FOR CELL CULTURE} 
£ 2^ £ 1^ ^^S., 

£ 3^- ^ t^s] <a -€*HH SHMW-M^l #4*1 

£ 6^: ^- CfS. 0} ^Al^ofl 4^- tifl^-g-7l ^Ml£^ltb 

5: o^ig^-g- s.^\ 10: ^X|^tfl 
20: ^s^^l*!^ 25: ^^^-§- 
30: SIE^K-^ 40: ^^^^7H 
41: ^f^^^l 0 ! 50: ^ 
60: 65: 7}°]^.^ 
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70: *HM*VM 80: *HMM| *| *) a|) 
90: fi3f 100: «H<#-§-7l ^^^-s) 
110: ^S.H. 120: *l*l*fl 
130: ' 150: i^Jf TlH^: 



AflS.^ ^(proliferation) ^ ^(differentiation)* #^I*>7l ^1^1 

^ ^#^-§-7H ^ #<>m. 

<19> ^^-^ o)H tifl^H, 3 g ^-7] ^-4 ^ 

^*|2:a) 3 7fl*3, ^1^71^ 7flf, nfl«9^ ^m^fl'H ^#*Kr tf^-g- ^]-§-^r ^Bl%^ ^ 

<20> ^ *l5-§- ^^^1 71^* fl-^^7l ^ 

^A^rflofl -f-g-^Jl, Al^^ 7flti ^-§-* ^ aI— ^ , tifloj=7l#* ol-g-^V ol^^l 

^#^r-§-7l(bioreactor)^ e^a] *131*r ^3Ht}. 
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^, s-lr^i^ &q ^ £-sHI eg-#^. n^l^ A^lJlS.^ ^E.^*! ^^§r *}^r 3 

711 37}X|£| -S.^7> Sfe Satf. <^7l^, 37Ho| £_^i=. ^7H^ 

^ 7l7^1^7.>^-ol ti>S. ZL^olcj-. 

<£^r €^7fl $.*§z\°] s^l^l- ^tl StH*l ^-^>7ll ^ 

7ii£i3i 

<23> ^ #EB7l^ Bfl^^-S. ^t!r 3°-^, 

<24> ^ ^9] -E-^ §t^li5] ^ ^ #*l*Kr 7V^C-11 ^Tfl^H" 6 !! «fl 
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{ ^$\ ^# £ *J-g-] 

<27> 7j ^l^Hir ^^-fr SB); 

<28> # 7 J <£^l£^-£- 5LB\7\ ifl#SM ^#Jf<*)l £#£1^ ^l^m^^: T 1 

<29> # 7 ] <3-^^^-§- S.B]^ ^Jfofl #^-5)^ ^}o]^-g- #7l 

«4 ^^-ofl ^O.S. <3#£|fe ^^21 7H^€^^T T^l^Rr 7>«a-^-4, #7] 

^ixll-^ulf ^rfl«g tfl-§-*Kr #71 7}<£^ 7>^-7>Sl ^l^Hl Zl-21- S.7>^0] ^J^o] 7>^}2E 

^- -g*]^ ^^^^l^l^l* #^-7>^^; 

<30> ^^-ofl #71 ^l^ltB #<H1 oj^^ £ S #^£)^r *HM*1 

<3i> #^^^1 ^7]o]7\ #^s)^ ^^-fr 2-B]; 

<32> SH^msl Qtt^ ^3 XT ^€^4, #71 S>^lxl^ol ^«.6,1 

*H #71 ^7H<*)- ^#5l£^ ^^ofl ^€^^7H^, #71 *HM*m 

21 #^ofl #71 *Hf*Hl:^ ^I^^HI ^3^r #-¥-€^^ 

7H» if-^ s)^ 1 ^; ^ 
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7]» afl^tf. 

*]*1*}7] fl^b #^#^1^ ^ °m^l-§- ^1-^^^-* ^W]^ JL^g_]=SH. t #7] 7}^ 
«fl tifl^^^S. al^EM #7] JI^^7> ^-47>^^>^ ^ 7H^^* T^l^Nr 

^*]*Rr S^Rr J}3 o_3, 

7B^» ^4^1 ^7>o]^rg^- ^tf]^ ^f D }7M, ^-7) ^7>o]^^^^. 
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■39> o)f>\ t & tiV^tt ^Hl# ^T^H ^^tb^". 

^ £ 1^ ^tfTgJEolc}.. 

J5L&K25), ^l^tfl(lO), SFM*!^:, S]*H^h #^-7>«?H^ g «fl°^7l ^^(100)5. 

<42> £1«J£ 2«1| £Al«" »>Sq- ^o], ^-71 ^Xltfl(lO)^) #^€^-8- 2-B](5)7> 

^^H, o] ^^tfl(10)fe <$7] ^^-g- 2.^(5)3 -^3.^ ^3]^ 0 >0.S. <3#S]*r 

(5)^ #3^r(7H ^§-«H, #^(7)s} #^ro] ^w-s. ^3., 

°J"#^^-§- 2£K5)^ ti>^l 7>^^r 21=17} *fl^^h 

<43> ^-7] ^"71 ^l^ltfl(lO) 32.3.^, ^1^1 cfl (10)o)l 

*H^l*m(20)3|-, o] ^^1^1^(20)^ -11*1 3 *r ^*l*m ^(70)0.51 ^ 

<44> ^^1^1 ^(20)-^ ^1^1-^(18)^, o) ^*]*l^(18)£l <&*t 

°\}*\ ^#^-(19)5. ^51 <H SU^. ^1*1^(18)^ ZL ^^1 ^*Hr 

(so) ^-§-£^1 ^^(13)^ ^p-til^, ^a-a- y}^^ 7H^>si^^i € 
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^ *HM ^11-^ (70)^1 7].^-5]. £ s. «fl<^^(71)^r ^~§-*H ^-^ €4. 

*5> #7] ##^-(19)^ ^HlSl ^^-g- 5.^(25)5} ^^^(23)ol ^ $X 

^ ^1^. #7l ^i^^-g- S.Bl(25)*r S-B^H-^OOH Ml#€ #313. -$M 

^(19)^1 *i#€ ^ n #i=|^-(23H *Pf3 1-#^K5L^- ^€4. ^-H, ^"71 # 

#Jf(19) 6 >eflS. -8-7] S-£K25)^ #^(23)*l| ^*7H(21)7> 



0^(73)3 ^£]<H ^71 4i^(72)^r ^"71 ^}^l^m(20)^ i^^(55)ofl 3 ^o] 7> 

^f>\Sm- n (71)o S uL^S^, ^"71 7l<H«-(73)^ *1*§°1 &<H*1 

^"71 ^^^^7H(40)i4 ^f-§-€ #3HH Sl^^-i: #^7fl =L*\5L, 7]<H^ # 

<48> #71 Sj^^r^^r ^€^(50)31-, ^€^^7H(41), ^^€^7H (40)3. ^ 

<49> £ 2*fl w>2}- ^-o], #71 ^€^(50)^ ^"71 SiHMI*] Jflr(20)3 *f"M 

till (45)* ^€7>¥«1-7fl ^€4. =1^3., -*7l *HMl^HHl7W(41)fc *Pf*l*m 
(20)^1 3*1*H -*7l ^7H(21)4 ^-#^1^.^51 ^1^(50)^1 <5}#-^ ^^S°fl ^ 



s. 3£r * ^^1 °4 -€*HH *HM*1#3J3 #4*1 s.^ltb f^£°14 
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#7] W^€^7l<H(40)^r *HM*1*(20)S| ^ofl ^"71 
1-^(70)4 ^s)^#(50)^| tf^Jf 3^41 

so ^^-g- 2.^(25)^ (21), ^^i&^HUl), ^S?*H* 

(so), ^^^^7H(40)^i ^y^-CLs. ^sIjl, j^^s. ^^^^7i^(4o)^i #1- 

€ ^PM*m^(70)<>l] ^^M, *HM*|-M (70)3 ^tHSI 7>^7ll 3 

^ ^ #sl7> <£^£|:£^- is}^ c-1 ^1*1-5.^- ^"SHr $5- 7}^\ A. 

C52> J£ 2ofl w)-s>)- ^ol, ^71 ^7V^=r^ ^-71 "SHr^-g- 5.^(5)3 

#^(7) <=HM1 ^>°l^-§- ^3.^(90)31}-, o] ^3.^.(90)611 ^bJHH . 

^o]^^ofl tc^e}- #7l tifl«^-g-7l ^^^-el (100)^1 H^^SHf-i: *ll^Kr 71-^(60)3}-, <>1 
7>^(60)3 7}#*>ejofl ^-71 iafl^-§-7l <H^lr^(100)3 JL^Hr cHr^ 

^£^1*1*131(80)5. °l-f-<H*L4. 

<53> ^-71 -i-^^-OO)^ ^^13 3}0_S^, ^A>7> ^€ ^^-^17> ^-71 

^^-g- S.t=K5)3 ^^sj^ofl ^HHt°1^* 7><g-^:(60)^: ^ #7l *V$-%r7) 

l-e)(100)°11 iH^^^^-S. 3l-§-*>S^- sl^tf. 
<54> ^7} 7>^(60)^r, £ 2*\) JEAltb ^°1 , Zl *>*^S. ^Sj^r 

7>o]^^(65)* ^-til^>Jl °X£-^, c ) 7>o] = ^^(65)-€: ^"71 ^M*| tfl (10)2} 7>]*m^(ll) 
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(12)# T^l^H, ^71 7>ol=^^( 6 5)^ ZL ^^ofl ^-71 7Mi=.#(12H tfl-§-^>fe 7H^^1 

^«lsM 5£°H, *>5i ^^H^s^ *l-8-£) 

^-4. ZL^Jl, ^"71 7>^(60)^r 7>^£1 7>W^o 1 l <#7) tfr<!\ tf^S *1 *1 *fl (80)» 
^^>7l ^ 4^ ^W^(57)^r i«li>4. °1 ^^3(57)^ #7l JL^(55)£* p>^7> 
7}<g-^(60)^l ^-a-fr 7l .^el^6j) ^ €^M;H1 wfl^ 

5}^ 5Jo.^ ( Zj-Zl-ofl <g-^€^*l*]^l(80)7> -^7] 31^^(55)^1 Jl^^r ^V^l^l 

^(70)4 -f>M<>\ *M tfl-g-^711 
:55 > £ 4^. 5. 2^1 A-^-^l J£*l€ ^ -S^Hffl ^ ^2}-€^*l*l^l(80)» -SMI 

*6> #71 #3r€3*l*l*ll(80)fe, £ 4°fl S-^m ^-o], ^1^1^(121)* ^? 

^#^*1^-(127)^ *l*liH^(145)^r *l*l^>7l W ^#*€*1 (123) ^ °lt^l 
-S- ##1-31*1^(125)* ^l^Hr 3.^3.^(130)^, ^"71 71-^(60)^1 (67)^.3 JL^S\ 

v] ^-71 ZL^S^(130)7> ^-47>^^>£^- *>fe 7>ol^xg(i31)-i: ^-«l*Hr *1 *1^ (135) 
4, ^"71 JL*jS.^(130)7> #*«frfe ^g-* ^Wl^H ^21 E^2l^-7> #7l #^*1 

*11:^(135)£| ##41 *1*1*H^(140), ^ #7l ^##*ffl*mi23)sl- #7l *1*1*K- 

^(140)^1 ##<>11 A>olofl i?l*l^Hr *1*1^H^ (145)^-3- ^3°1, «B°cJ-g-7l ^^l-sl(lOO)^ 

-§-°lt!: ii-^M 7p§^}^, *V#*1*1-I-^ (70)^1 Jl^H tq-Hl- £<>1 s)^H «fl°c>-g-7l ^-i-^ 
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•7> # 7 ] ZL^^=(130)^1 ^l-isfl^|^(127)fe 4ra*HM. ^]o]sl^-2.S. ^^M, ^-7] # 
J^*!^ (135)3) 7>ol = ^ (131)^8: %7] 71^(127)21 *g#ofl rfl-§-^>£^- ^#^t}-. 

#7l 3.^^^(130)^ sg^H, je. 46fl s^ltt ^ £o] , # 7 1 xl^^ (145)^1 £}*fi 7W 
2=^3(131) *H?-3. #Eflofl ^o^, ^litifl^ ^tb ^"^H #71 7>^(60)^ ^ 

d\] ^*f| #71 ^#€^1 ^(127)7} #71 7H^-T LT 9 (131)^1 ^fl^M ^€ ^^7fl 

58> J£ 5^r £ 2^1 B^-^l ^- ^AHlofl aflof.g-71 ^^-Ir^dOO)* 

S9> #71 tifl*a^-7l <^^l-e](100)^ #71 A *HMI*1 #^(70)41 7^1 ^ ^^7> al^Sq^l, 

4 Spf*! ^11:^(70)^ 4 ^M&^*l*l*il(80)<>fl 7>^1^ #^7> 

ceo $ d| #^J«f| 3E 5<^1 #*ll*l Mi> w>sq- ^-ol , # 7 1 «fl<£-g-7l ^^1:^(100) 

^ M)S.£\ afl^Tlol sjfe Bfl«g=#ti.(103)^, <>1 7fl^« ^^V^ f^Y^l 

^71-0] = ^^^- ^-Wl^l-fe ^^>7fl(105)^-, #7] ^7}olE^i S}^^ ^7l *fl 

°^w(103)^ ifl^ofl tfl-§-*Hr al^^ ^fe' W^OS.(107)» tf^3=.<110)» 5L^4- 

SEth tf^3-E.(110)£ #71 ^€^171 4^ ^«fl #3^1 m^"#7l(lll) 
S3 ^W^l(113)» ^P-ttl^. 

<61> 0^71 A-}, #7l ^^>7fl(105)fe #71 tf^3.J=(110)^ 41*l*Hr *m 

3 U^-g- 0-^(115)* ^Hl*>S.^ *H wfl^ti.(l03)* ^1^ £3^1 ^V^}^ 
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2> tb^, ^-71 afl<£JFKfcL(103)3 $\ 4^ #*l-£.^r ^^tt ^HHM-MCirZ)* t 1 ^ 

fo S ^ tf^?H 7\n^ ^-ti^l tfWfc 3* ^l^S^r *Hr3H ti>^^>cf. 

34> Hl^h tifl^«-(103)^, £ 6^1 5*1^ ^fl^l ^^MS tifl°^ 

Bfloj : e-a (10 3 ) o 1 ifl^^vofl tfl ^ ^ ^ ^, 7)1^=3 €7l^^q *1 

^]^i(i2o)» ?ait ^ sa^. 

:65> ^7] tq-^ *l*|*0(12O)fe ^^31^> t^oju). ^ JL^*} °l-g-SH , 

7}Jg.^ ^ ^ ^^JL^^V t|o]4, PLGA, PL A, PLLA^ ^ ^oL-g- 

o]-g-^H ^fl^cf. Q }Q *]*Wl20Kr ^4^71- Jf-aq-* *r SHr ^ 

^cfl^- A]7l7l ^^.S-Ai, 150 ifl*| 400 w 7l^-3.7l(pore size)* 

<66> cfs %Z\£>\ ^ <£o) t£x] «fl<£-g-7l 0^^(100)^ SL^l^o.^. ^-4H3 ^15L 

<67> £ 7^r ■& ^ofl ^#^>-§-7l^ ^^-?flol^i(150)# ^l^T ^'WSL 0 ]^ 
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70> -f^, tfl^>^ *}u|-o] ^.«.^^^.^ (70)3 j. ^^^^^1^1(80)^1 ^ wfl 0 ^ 

^1S7V ifl^MS ^^^-ej(ioo)» ^ ^-zj-?}:^. «fl<£-g-7l ^^1-^(100)^ -f-a 

^ ^ tifl ^ JB (103)^) *>^» ^-71 *>^-xl ^^(55)^1 uL3€ ^^1^-1-^(70)^ 

^^(74)6)1 ^-oj^ji, ^1-71 ^^^^1^^11(80)^1 JL^S.^(130)# *l*l^H*g(145)°ll ^ 
*M s-o^Hi rf^-, ^>7l <£^3.i= (105)^1 tf^Jf. ^, ^%#7l(lll)7> ^7l ZL^ 3.^(130)^1 
Xlxl^(121)<^l #^5)51^ t!" -#3H*1, Jl^S=(130)» ^ ^-8: *M1*H ^^-§-71 

<H^l:Sl(100)7> 7slxl^H^(145)<^l 2\n ^^l^lSlS^- 

<71> o]<2}- Qg- ^-BflollA-1, tiHof-g.7] 01^^51(100)^11 tf^^g ^ afl^S^l W 

aj-^o] Al^r}-. £-33^ ^h^^l gM, ^7} WSHI* 2-^(5)7> Q^S. S^^M 7># 
#(60)# ^j-Al^, ^"71 Ji^S.^(130)2l ^A>^ <q^£ *}T£^x)^a27)$H- <>H tfl 
-g-SKr ^7l ^^1^11:^(135)^ ^1^1^(131)^1 *M , °1 tf^H^ 3" 

^°1 ^1^€^. 

<72> Aj. 7l s-^^^i(30) i-H^l ^^^-g- £El(25)7> 3#t<*ll ttj-ef, €^^-§- 

J£.3(25)£l #^(23H ^7lol(21)5q- #7l ^^H^l ^€^^^71 

<H(41)7> ^^>JL, ^d^l7l^ (41)^1 Sj^oJl nj-Hl- ^^(50) ^ ^2)^(50)^1 # 
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'3> #7] (21)^ ^€^^7H(41)fe 7:1 8:1^ £^ n^l^lfe 

^o] tiV^-sH, tifl<£*H=r Afla^ ^<*fl tq-eV ajtfl 1000 rpm °1«HH «]]<#-§-7l o^-M 
(41)51 sl^#5.7> Bfl°cf-§-7l o^^KlOO) iflJ^l tifl^^ 

74> 3-elul, #7l ^^^-g- S.B](5)^ 0.5 ifl*| 1.0 Hz 4t5L3. ^ ^S^ 6 } 

«T-^-S)xes. ^«H§>^ f ^3.^.(90)^ 7}^(60W ^ M^^^o] *fl<£-g-7l ^^31:^ 
(lOOW SlWH. Bfl°J=#«-(103) *1HMM tifl^fe 43L*f| <?Hj^ 0 l 7>*fl^l3ES- 
-g-<5Rr a^tfi #^*Fg^ ^tfl 10% 5§JE^ W^** *r S^t}. 

c75> o]^-3\- ^1*SE)^ ^litifl 0 ^^^: ^ ^ tfl 10 6 cycles ^S. 

*V*1 Bfl^-8-71 <^^^(100)<>il ^17>S1£S. ZL B>^^ ^B^fe 

<76> ^ ^ofl n}^ 4^- ^#w]:-g-7l^ A-fli^ #^"8: #*l*Kr ^^€^4 Afl 

<77> s^:, tifl^iL i^JjLofl ^-t»l*Kr ^-f^lfe Jf-^ ^15.^ ^fl^ 0 ! 7>^*H, *1 
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^^o] ^S. ^5)JI ^ ^#°fl 7H7]- 7}^ $o]t)-. 

^- Cfo^Tfl A>-g-o] 3M=h 

79> wis., ^-8: ^-^^1 -S^Hl^ ^r€«H ^ -M^V^l^, ^^^^ 
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i] 

#7] tifl<£_g. 7 ] O^fl^ Z}-Z}-£| ai^SM iq^H i=Hr^ *Hf- 



*o i^i sa^H. 

^ ^71^^- ^e^S. ^^ofl ^^€^7H^, <#7) *HMI*1* 



13 2) 
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i^^r 3] 

*1*1#3 3*1*H #71 H-tE- *HM*l*^3i|. ^#^3E.^- ^5) €«H #°f€ 



7± %i^%£r ^«l*Kr tf^MS^-g- S.BJ; 

^. 7 -| oJ.^£fg.g. s.b]7> ifl#£M ^#^M| #%2-3. <^#Sl^ ^l^m^* "P" 



^^-S)^ ^#^1 <&%m=r ^^2) 7}o)^^ ^*}*}^ 7V^4, #71 

Jf*]*!^^ ^tfl^ tfl-§-S>fe #71 7>#7>Sl JH*H ^4 ^7>^^1 5|^ol 7}^>5L 



4] 



«l*Kr ^r*l*H; 
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^JMI Q^o] -SM tfl ^J-ofl ^o] <g^l^3E.s. #^-5)^ *HM*I 



^JjL^^o} ^^-d\] ^3^4. #7] isPfofl 31*1 

^-71 ^7H^q. nv^-^^s. ^sj^^l ^^-5)^ ^^^^Hs}-, ^-71 is"Hf*l*m • 
7H» i^-sHr sj^^r^:; ^ 

71. 



4^- ^#^-§-71. 



5] 



*f| 1%> H^r ^11 4^-ofl SI^a-I, 



^71 zl- ^^7> #71 t^l^jti aiH^o.5. ^ 



[^T 1 * 6] 
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71 



81 

*)1 7^1 fl^W, 

^7} Bfl^-§-7] <>1^1:Bl^ #71 ^^>7fl^- #7] ^SHSfS] ^ JjL ifl 6j| 3*1 *Hf 
uf o]#cq ^^-g. o-*g-§- ^w]^ *>fe ^l5£Hfl^-g- 4^- ^#^-§-71. 
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